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ABSTRACT 


This  report  discusses  the  results  of  the  investigation  £or 
the  first  six  months  of  the  contract.  A  new  concept  in  compen¬ 
sation  circuitry  has  been  borrowed  from  analog  coraputor  non¬ 
linear  function  generator  theory  and  is  being  utilized  in  an 
effort  to  make  the  compensation  process  automatic. 

Automatic  compensation  equipment  has  been  investigated 
and  a  complete  automatic  compensator  is  currently  being  con¬ 
structed. 

Thermal  transient  characteristics  have  been  analyzed, 
and  some  empirical  data  taken. 

Several  oscillator  circuits  have  been  analyzed. 

Crystal  specifications  for  2  x  10“7  and  5  x  10~8  type 
resonators  have  been  developed. 

The  following  sections  present  the  development  of  the 
above  tasks. 
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GENERAL 


The  purpose  of  this  project  is  to  advance  frequency  tempera¬ 
ture  compensation  techniques  for  miniature  quartz  crystal  osc¬ 
illators  having  frequency  temperature  stabilities  of  +2  x  1CT7 
(Group  X)  and  +5  x  10  ®  (Group  II)  over  the  specified  operating 
ambient  temperature  ranges.  The  objective  of  the  project  is  to 
simplify  frequency  temperature  compensation  networks  and  the 
associated  compensation  procedures  in  order  to  realize  a  sign¬ 
ificant  unit  cost  reduction. 


An  investigation  of  the  cost  distribution  encountered  In 
the  generation  of  TCXO's  indicate  the  largest  contributor  to 
manufacturing  expense  is  compensation  time.  Consequently,  this 
would  be  the  most  fruitful  place  to  investigate,  for  the  reduc¬ 
tion  of  cost.  An  ideal  solution  to  this  problem  would  be  the 
ability  to  utilize  automatic  compensation  equipment.  This 
would  permit  groups  of  TCXO's  to  be  compensated  automatically. 

As  this  vehicle  Is  considered  for  high  performance  TCXO’s 
it  becomes  immediately  apparent  that  the  method  of  forming 
networks  must  be  modified.  Perhaps,  the  method  that  has  the 
greatest  flexibility  will  be  the  type  commonly  called  "piece- 
wise  linear  compensation".  This  approach  means  that  the  entire 
temperature  range  is  designed  Into  segments  and  networks  are 
generated  to  approach  the  curve  in  a  linear  or  expedient  la 1 
manner  in  a  given  segment.  As  the  temperature  goes  to  a  new 
segment,  a  new  network  would  be  In  effect.  From  this  it  can 
be  seen  that  an  automatic  device  would  only  be  required  to  adjust 
the  network  in  the  specific  temperature  Increment  and  perhaps 
this  function  could  be  performed  automatically. 

Hie  generation  of  this  orthogonal  incremental  network  and 
the  equipment  to  adjust  it  automatically  are  the  primary  ob¬ 
jectives  of  this  research  contract.  If  such  a  device  could 

be  generated,  It  is  essy  to  see  the  effect  it  would  have  on 
the  cost  of  the  TCXO's. 
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CRYSTAL  SPECIFICATIONS 


The  TCXO  crystal  investigation  has  resulted  in  prelim¬ 
inary  specifications  for  six  crystals.  There  are  two  crystals 
each  for  Group  I-A,  I-B  and  II.  The  two  different  types  for 
each  group  are  a  Coldweld  and  a  glass  enclosure. 


In  writing  the  specifications  for  these  crystals,  two 
equally  important  requirements  were  adhered  to  as  closely  as 
possible.  The  first  requirement  was  thst  the  crystal  speci¬ 
fications  would  result  in  a  unit  with  tight  enough  parameter 
tolerances,  such  that  it  would  lend  itself  to  automated  com¬ 
pensation.  The  second  requirement  was  that  the  crystal  speci¬ 
fications  would  result  in  a  unit  with  loose  enough  parameter 

tolerances  Buch  that  the  unit  would  be  a  relatively  low  priced 
crystal. 


With  this  objective  to  work  to,  the  following  prelimin¬ 
ary  specifications  were  written.  Crystals  have  been  constructed 
to  these  specifications.  The  outcome  of  the  remaining  work  to 
be  done  on  this  contract  will  determine  whether  these  speci¬ 
fications  need  to  be  changed. 


Ihe  specifications  for  these  crystals  are  shown  In 
Appendix  A. 


-2- 


»  —i  H  tpi  t-  r »« •!  HH-n*.— 


**■!■»  I  Ml  . 


:*!TjT 


1 1 E 

t 


•  1! 
'4 


i 


i\t 

II 


II1 


nn 


I  , ; 


i 

*■ 

SI 


illi 

<Ui 

if 


Wt 


■»>  | 


ihesmal  analysis 


toi.  *  *  1,3x0  1,111  »*-y  within  th,  frequency 

8pecified  °ver  temperature,  the  deaign  engineer 

erature  c.TT'"  l  the  r*te  «  »Mch  th.  .ebi'nt  Ump- 
rature  can  change.  To  demonatrate  thia  characteriatic  P 
an  anaylais  of  a  simple  TCXO  can  be  used. 


METAL  CASE 
EC  A OAEO 


FIGURE  f 


irxn^n  the  figUre  8h0Wn  above’  we  have  the  simplest  of 

temperature  *£L“  ?f"°r  “*  th'  *W1.  ££ 
cant  fWhn»ffh?tS^°n  811  °ther  oomPon«nts  are  insignifl- 

Tssult  tha^th!  *  SeneTl  charge  ter  Is'tlc . ) 

auce  to  the  simple  one  shown  in  the  figure  below. 


fra 


|  Tth 


FIGURE  2 


"3 


lh«riMl  Analysis,  Continued. 


Where  R^  is  thermal  conductivity  of  the  PC  board 
to  orystal,  and  R~  is  the  thcmal  conductivity  of  the  PC 
board  to  the  t her Bis tor.  Assume  the  case  has  the  same 
temperature  at  all  points. 


Then: 


e  (t)  -  R^ 

♦  q 

,  .  d8 

q 

e  ( t )  =  Rp _ 

at 

ct 

Then:  Tx  *  q1 


and  Tth=  q2 


(Tessera ture  of  orystal) 
(Temperature  of  thermistor) 


cth 

Of  course  it  is  dosired  to  keep  T  =  regardless 
of  the  function  represented  by  e  (t). 


Case  1. 

in  temperature. 


Assume  e(t)  *  E  or  a  step  function  change 


E 


R 


q 

TT 


q(s)  *  E  +  Rq  (o) 

sTrTTJJ  Rs  ♦  1 

c  “15” 


■  E/R  +  q(o) 

S(S  +12  ~s  V  i 

Rc 

q  (t)  =  EC^l-e  *t/RcJ+  q(0)  e  -t/RC 

3  EC  -  ECe  “t/Rc  ♦  q(o)  e  “Vrc 
3  EC  +(q  (o)  -  EC)  e  "Vrc 

Sinoe:  T  *  q  (t)  *  E  +  #  “Vrc 


Th«m«l  Arulyaia ,  Continuad. 

Asstuae  q  (o)  a  o 

T  -  E  (1  -  •  t/Rcj 


Hence,  the  relationship  between  T  and  T 

4 

Tx  *  E(l-e  *t/R1Cx) 

Tt  =  E(l-e  _t/t2CT) 

Z1T  *  r?  .  Tx  =  E  (1-e  -t/R2CT) 

-  E  (1-e  •fc/RiCx) 

=  E  (1-e  -t/R2CT  -  1  ♦  a  *t/R1Cx) 

=  E  (e  ‘Vr2Ct  -  e  *t/R1Cx) 


E 


-  e  t/RlCx 


r 

ut  *=*  ♦  b 

in  general  B 


•3 


lCx 


E 

E 


3 

-t-C.  «  ’tB  } 

•  C  -'■*) 

'  '  £  .  e  -*(B  ~<.>j 


-t-< 


E  e 


,W  fx  -  ,  ♦«/-»>} 

*•».  a.11 .th:  ats  la  *  fl*“” of  Mri 

<ll»ous»«4!8“r*  *  ls  *  plotu™  or  «  hoot  jink  or  tbo  typ. 
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SEGMENTED  COMPENSATION  NETWORKS 


Considerable  effort  has  been  expended  on  the  segmented 
temperature  compensation  network  investigation.  More  effort 
is  necessary  and  is  being  applied  to  this  portion  of  the  the 
contract  in  order  to  perfect  this  technique  to  the  degree 
necessary  for  an  automated  application. 

An  example  of  the  progress  being  made  on  this  portion 
of  the  contract  can  be  seen  in  Figures 


Figure  4  shows  a  segmented  network  which  has  been 
designed  for  a  S  MC  TCXO.  The  dotted  line  shows  the  final 
composite  voltage  versus  temperature  characteristics  of  the 
segmented  network.  The  solid  lines  represent  a  +  1  PPM  error 
band.  Calculations  have  shown  that  this  network~*should  com¬ 
pensate  the  unit  to  +  3.5  x  10-7.  Figure  4  shows  which 
segment  of  the  network  is  in  effect  for  a  given  temperature 
range.  To  improve  the  stability  over  temperature,  additional 
segments  will  be  needed.  At  this  point  in  the  project,  it 
appears  that  7  or  8  segments  will  be  necessary  to  meet  the 
final  stability  objectives  of  the  Group  I-A  and  I-B  oscill¬ 
ators.  When  the  network  of  Figure  4  is  operated  on  by 
the  automatic  compensator  resistor  values  Rl,  R2 ,  R3,  and 
R4  would  be  selected  automatically. 

The  total  range  voltage  versus  temperature  character¬ 
istics  of  each  segment  are  shown  in  Figures  5,  6,  7  and  8. 

By  super-imposing  these  four  curves,  It  demonstrates  more 
clearly  where  each  segment  is  in  effect. 

Since  active  elements  have  been  added  in  this  type  of 
network,  it  is  necessary  to  look  at  the  possible  error  con¬ 
tributions  from  transistors.  The  transistors  are  all  utilized 
in  an  emitter-follower  type  of  circuit.  The  equations  that 
will  determine  the  error  contributions  of  the  semi-conductor 
devices  in  this  type  of  circuit  are  shown  in  Figures  9  and  10. 
These  are  only  preliminary  calculations  and  additional  work 
will  be  done  to  determine  the  significance,  if  any,  of  the 
actual  error  contributions. 
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DC  E< divalent 


c/R3Vbb  +  *080  £*1^2  +  R3^  +  H2R3^j 
R1  ^r2  +  *p  +  U-0  R2  R* 


«^R1R3VBB  +  1 


CBO 


|^R12(R2  +  R^)  +  R^Rj  j 


Rx  (R2  4-  R?)  +  (1-  •/)  R2  R 


Therefore  Rg  ■  R .  +  R 


5 


V«D  •+■  VTi, 
BB  EE 


FIGURE  10 


^  ai£3VEE+ICB0  [Ri:'( VB(4  ♦  V  ♦  R1R3(R4  +V  B(*  't})  ] 


Hj.(n3  +  h  +  Ro.eB(r^.))  +  (W)  +  H  b(*^) )  R 


3 
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AUTOMATIC  TEST  EQUIPMENT 


At  the  Initiation  of  the  project,  three  systems  of  automatic 
compensated  equipment  were  considered.  System  One  utilized  a 
digital  approach,  System  Two  used  an  analog  approach  and  System 
Three  used  both  analog  and  digital  devices  with  a  computer  for 
control  and  a  core  memory  for  storage.  Each  of  these  systems 
will  be  discussed  in  the  following  sections. 


SYSTEM  ONE.  Digital  Approach 

Figure  11  is  a  block  diagram  of  one  of  the  digital  systems 
considei  sd.  While  the  system  utilized  an  analog  system  for  gen¬ 
erating  temperature  control,  the  main  portions  of  the  loop  are 
composed  of  pulse  activated  deivces.  While  this  system  has  the 
advantage  of  being  able  to  dial  in  reference  frequency,  which 
would  mean  it  could  be  operated  easily  with  unskilled  labor, 
the  memory  section  of  the  unit  is  cumbersome  and  expensive.  The 
varying  resistance  function  would  almost  have  to  be  generated 
by  a  latter  network  when  one  considers  that  eaoh  segment1 a  res¬ 
istance  should  remain  in  the  circuit  while  the  other  segments 
are  being  determined  that  sb  many  as  7  to  10  latter  networks 
could  be  required  by  a  single  oscillator. 

In  addition,  the  shift  register  would  lose  it's  memory 
if  power  was  lost.  Consequently,  an  entire  run's  Information 
could  be  lost  if  a  power  failure  occured  near  the  end  of  the 
run.  Hence,  It  was  decided  that  the  digital  approach  to  the 
equipment  left  something  to  be  desired. 


SYSTEM  THREE.  Computer  Controlled  System 

System  Three  utilizing  a  similar  digital  computer  has  many 
advantages.  Not  only  would  the  equipment  compensate  the  TCXO’s, 
it  could  run  a  variety  of  the  tests  on  the  oscillators  at  the 
same  time.  Several  approaches  to  this  equipment  were  investi¬ 
gated  with  the  aid  of  the  computer  manufacturer.  In  each  case, 
the  equipment  cost  to  generate  such  a  system  exceeded  $60,000.00 
and  it  was  determined  that  at  least  at  this  time,  a  more  econ¬ 
omical  approach  would  have  to  be  found.  It  is  believed  that 
ultimately  a  system  of  this  type  can  be  used,  not  only  to  compen¬ 
sate  the  oscillators,  but  perform  all  required  acceptance  tests 
and  provide  both  the  manufacturer  and  the  customer  with  a  set 
of  certified  test  data  for  eac*h  unit. 
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SYSTEM  TWO.  Analog  Coopantitton  IST1fn1.ip0tK.iE 

Figure  12  is  a  block  diagram  of  tho  analog  GMptfStf  II  to* 
equipment.  While  this  particular  Hyatts  taiw.®  imttetng  to 
be  desired  from  the  aspects  of  instrusaontatlofft,  St  Cffiift  bo 
utilized  to  demonstrate  the  practicability  of  th»  intOMUltio 
compensation  method  and  be  generated  for  a  wlttiwTif  lugs* 
pensive  expenditure. 

Figure  13  is  a  picture  of  the  automatic  oquIpKmt  ooo» 
structed  to  date.  This  analog  aystem  has  thffi  advtntigtft  of 
retaining  memory  during  power  failures,  flinci  1015®  of  tto 

resistors  in  the  compensation  network  arc  motor  drivtti  potto* 
tiometers. 

Figure  14  is  a  picture  of  the  basic  servo  and  M flirt* 

15  and  16  are  a  plot  of  resistance  versus  time  aw  tilt  loop 
is  perturbated  first  to  the  high  side  and  the®  to  the  loo  old*. 


DIGITAL  AUTOMATIC  COMPENSATOR  FIGURE  It 
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ANALOG  AUTOMATIC  COMPENSATOR 


FIGURE  12 
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INTEGRATED  TCXO  CIRCUITRY 


Currently,  CTS  Research  Division  is  assembling  the  hybrid 
circuitry  shown  in  Figure  17. 

The  resistors  are  thick  film  types  deposited  on  an  alumina 
substrat.  In  the  layout  for  the  substrat,  areas  have  been  left 
to  add  chip  capacitors  and  varactors  after  this  circuitry  has 
been  proven. 

It  is  anticipated  that  all  components,  except  certain  net¬ 
work  elements,  trimmers  and  crystal  can  be  placed  on  the  substrat. 

Figure  18  is  a  drawing  of  the  circuit  housing. 

(See  Figures  18A  and  18B) 


INTEGRATED 


CIS  Knights  Drawing  No.  010-0403-0 
Integrated  Circuit  Oscillator 
Outline  Drawing 


FIGURE  ISA 
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GTS  Knights  Drawing  No,  010-0403-0 
Integrated  Circuit  Drawing 
Bottom  View 


ANALYSIS  OF  OSCILLATOR  CIRCUITRY 


The  following  sections  (See  Appendix  A)  derive  the  load 
impedance  that  the  crystal  sees  from  various  types  of  osci¬ 
llators.  While  a  complete  oscillator  analysis  has  not  been 
completed,  additional  work  Is  bring  performed  to  include  active 
element  apparent  reactances.  It  is  felt  that  by  including  all 
terms  in  the  deviation,  a  more  complete  understanding  of  per¬ 
formance  can  be  acquired. 


MULTIPLE  MODULATOK  STUDY 


Some  effort  has  been  expended  in  the  utilization  of  mul¬ 
tiple  modulators  to  make  the  compensation  task  easier. 

Figure  19  indicates  a  single  stage  modulator  which  is 
currently  used  in  most  TCXOs. 

This  type  is  quite  adequate  for  TCXOs  with  stabilities 
of  +  1  PPM,  and  while  they  can  be  used  to  generate  5.10“?  units, 
the  network  required  is  difficult. 

Many  units  utilizing  the  dual  modulator  shown  in  Figure  20 

have  been  built  and  5.1GT7  units  are  readily  obtainable. 

It  Is  easily  seen  that  utilizing  multiple  modulators  has  several 
advantages. 


Assume,  due  to  self  rectification  effects,  coupled  with 
supply  voltage  limitations,  that  the  dynamic  range  allotted 
to  a  modulator  is  2  to  6  volts.  If  a  +  25  PPM  oscillator  is 
being  compensated  to  +  5,10“7,  this  means  an  improvement  factor 
of  50,  and  the  voltage  error  allowed  is  4/50  or  80  mv.  If  a 
two  modulator  system  is  used,  with  the  first  modulator  Improving 
the  stability  by  a  factor  of  10,  the  first  network  error  could 
be  0.4  volt,  and  the  second  modulator  could  have  an  error  of 
0.8  volt,  hence  the  network  error  band  is  considerably  improved. 
This  system  can  be  used  by  putting  a  fixed  coarse  network  in 
the  oscillators  and  correcting  for  errors  in  modulator  one 
with  modulator  two.  Figure  21  is  just  an  extension  of  the 
above  discussion  and  Is  utilized  to  generate  1.10-7  units. 

Some  mention  sould  be  made  of  what  actually  happens  when 
multiple  modulators  are  used.  If  a  unit  is  built  using  three 
modulators  with  each  network  generated  with  the  objective  of 
being  as  close  to  zero  error  as  possible,  it  will  be  discovered 
that  the  fine  modulator  will  produce  a  voltage  function  that 
is  very  difficult  to  generate.  This  is  easily  seen,  as  one 
considers,  that  the  error  generated  by  the  coarse  network  must 
be  corrected  by  the  inter-coarse  network.  In  general,  a  second 
order  first  network  curves  error  will  generate  a  fourth  order 
second  network  curve  and  the  fine  curve  in  turn,  will  become 
an  eight  order  curve.  These  high  order  curves  are  difficult 
to  fit,  and  in  some  cases  negates  the  use  of  the  additional 
modulator. 

To  minimize  this  effect  some  concern  must  be  given  this 
aspect,  when  the  coarse  and  inter-coarse  networks  are  generated 
and  perhaps,  an  intentional  error  introduced  at  these  networks 
will  make  the  entire  compensation  task  easier. 
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SINGLE  STAGE  MODULATOR 


FIGURE  20 
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CONCLUSION 


The  project  has  not  progressed  os  fast  as  scheduled  during 
its  first  six  monthB,  however,  several  significant  milestones 
have  been  passed.  The  selection  of  the  type  of  automatic 
compensation  equipment  to  use  took  considerably  more  time  than 
WS3  originally  anticipated. 

While  the  flexibility  and  multiple  function  characteristics 
of  a  computer  system  seem  so  desirable,  it  is  believed  that  by 
first  designing  and  using  the  analog  system,  that  a  better 
computerized  system  can  be  built  at  a  later  time.  It  was  with 
reluctance  however,  that  the  computerized  system  was  rejected 
at  this  time. 

A  piece-wise  or  segmented  network  has  been  utilized  on 
TCXOs  and  the  analog  servo  loop  has  been  used  to  select  a  net¬ 
work  resistance,  hence  it  can  be  said  that  the  milestone  of 
feasibility  has  been  passed.  It  merely  remains  to  enlarge 
these  functions  and  place  switching  control  circuitry  in  the 
system  to  have  a  complete  functioning  compensation. 

Considerable  information  concerning  thermal  transient 
behavior  for  TCXOs  has  been  acquired,  and  an  attempt  has  been 
made  to  theorectically  predict  this  type  of  performance. 

Some  insight  into  the  utilization  of  multiple  modulators 
has  been  obtained,  with  specific  emphasis  on  their  utilization 
with  automatic  compensation  equipment. 

While  at  present,  the  project  is  behind  schedule,  with 
the  allotment  of  more  time  from  currently  assigned  personnel 
and  the  addition  of  more  personnel,  the  project  will  be  on 
schedule  at  the  next  six  months  review  period. 
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TCXO  CRYSTAL  SPECIFICATIONS 
Group  I -A  (HC-27/U) 


1.  Operating  ChoraeteristicB 

Frequency:  5  M3 

Cut  and  Mode:  AT  Fundamental 

Holder:  HC-27/U 

Load  Capacity:  32  pf 

Drive  Level:  200  microampa 

Calibration  Tolerance  and  Temperature: 

+  3  PPM  at  30OC 

Operating  Tolerance  and  Range:  -40  to  +80°C 

LTP-UTP:  20  PPM  +  5  PPM 

Unwanted  Modes:  -15  db 

Drive  Stability:  1  x  10“9/db 

Stability,  Long  Term:  1  x  10-8/week  at  60°C 

2.  Parameters 

C0:  1.8  pf  max. 

C0/Cm:  300  +10% 

Resistance:  300  ohms  max. 

Q:  2  x  105  min. 

3.  Environmental 

Shock:  50G,  11  ms,  3  planes 
Vibration:  20G,  50  to  2000  cps,  3  planes 

4.  Processing  Specifications 

Diameter:  ,530" 

Quartz:  Natural 

Contour:  2  Diop  Plano-convex 

Angle:  AT  35°  11.5'  to  35°  13' 

Electrical  Diameter:  150 


-30- 


CTS  Knights  Drawing  No.  281-1702-0 
Group  I -A  Crystal  Holder 
Type  HC-27/U 


TCXO  CRYSTAL  SPECIFICATIONS 

Group  I -A  (HC-6/U  Type  Coldweld) 

Operating  Characteristics 

Frequency:  5  MG 
Cut  and  Mode:  AT  Fundamental 
Holder:  HC— 6/U  Coldweld 
Load  Capacity:  32  p£ 

Drive  Level :  200  micro  ampa 

Calibration  Tolerance  and  Temperature: 

+3  PPM  at  30°C 

Operating  Tolerance  and  Range:  -40  to  +80°C 

LTP-UTP:  20  PPM  +  5  PPM 

Unwanted  Modea  :  -15  db 

Drive  Stability:  1  x  10“9/db 

Stability,  Long  Term:  1  x  10-8/week  at  60°C 

Parametera 

C0:  1.8  pf  max. 

C0/Cm:  300  +  10% 

Resistance:  ”30  ohma  max, 

Q:  2  x  10^  min. 

Environmental 

Shock:  50G,  11  ms,  3  planes 
Vibration:  20G,  50  to  2000  cps,  3  planes 

Processing  Specifications 

Diameter:  .530" 

Quartz:  Natural 

Contour:  2  Diop  Plano-Convex 

Angle:  AT  35°  11.5'  to  35°  13' 

Electrical  Diameter:  150 


CTS  Knighta  Drawing  No.  292-1702-0 
Group  I -A  Cryatal  Holder 
Type  HC-6/U  Coldweld 


COPPER 


CTS  Knights  Drawing  No.  342-1701-0 
Group  I-A  Crystal  Holder 
Type  HC -6/D  Coldweld 
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FIGURE  23  B 
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TCXO  CRYSTAL  SPECIFICATIONS 

Group  I-B  (HC-26/U) 

Operating  Characteristics 

Frequency:  5  MC 

Cut  and  Mode:  AT  Fundamental 

Holder:  HC-26/U 

Load  Capacity:  32  pf 

Drive  Level:  200  micro  amps 

Calibration  Tolerance  and  Temperature: 

+  3  PPM  at  30°C 

Operating  Tolerance  and  Range:  -40  to  +80°C 

LTP-UTP :  20  PPM  +  5  PPM 

Unwanted  Modes:  -  15  db 

Drive  Stability:  1  x  10-9/db 

Stability,  Long  Term:  1  x  10“8/week  at  60°C 

Parameters 

Cq:  2.0pf  max 
Co/Cm:  300  +  10% 

Resistance:  40  ohms  max. 

Q:  1.6  x  105 

Environmental 

Shock:  50G,  11  ms,  3planes 

Vibration:  20G,  50  to  2000  cps,  3  planes 

Processing  Specifications 

Diameter:  .325" 

Quartz:  Natural 

Contour:  10  diop  Plano-convex 

Angle:  AT  35°  11*  to  35°  13’ 

Electrical  Diameter:  130 
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CTS  Knights  Drawing  No.  282-0305-0 
Group  I-B  Crystal  Holder 
Type  HC-26/U 
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TCXO  CRYSTAL  SPECIFICATIONS 
Group  I-B  (HC-18/U  Type  Coldneld) 

Operating  Gharaoterlstlea 

Frequency :  5  MC 

Cut  and  Mode:  AT  Fundamental 
Holder:  HC-18/U  Coldweld 
Load  Capacity:  32  pf 
Drive  Level:  200  micro  ampa 
elibration  Tolerance  and  Temperature: 

+3  PPM  at  30°C 

"o’ -4o  *« 
Unwanted  Modes :  ~15  db 
Drive  Stability:  1  *  10“9/db 
Stability,  Long  Term;  l  x  10“®/week  at  60°C 

Parameters 


C0:  2.0  pf  max. 

Go/Cm:  300  +  10% 
Resistance:  ”40  ohms  max. 
Q-*  1.6  x  105  min. 

Environmental 


vfh°k^  50G’  11  W8'  3  P^nea 
Vibration:  20G,  SO  to  2000  cpa,  3  plane. 

Processing  Specif icationa 

Diameter:  .325" 

Quartz;  Natural 

Contour:  10  diop  Plano-convex 

Angle:  AT  35°  11*  to  35°  13* 

Electrical  Diameter:  130 


CTS  Knighta  Drawing  342-0301-0 
Group  I-B  Crystal  Holder 
Type  HC-18/0  Coldweld  Type 
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TCXO  CRYSTAL  SPECIFICATIONS 


Group  II  -  (HC-26/U) 

1.  Operating  Characteristics 

Frequency:  5  MC 

Cut  and  Mode:  AT  Fundamental 

Holder:  HC-26/U 

Load  Capacity:  32  pf 

Drive  Level:  200  micro  amps 

Calibration  Tolerance  and  Temperature: 

+  3  PPM  at  30°C 

Operating  Tolerance  and  Range:  -40  to  +80°C 

LTP-UTP:  15  PPM  +  5  PPM 

Unwanted  Modea:  -15  db 

Drive  Stability:  1  x  10-9/db 

Stability,  Long  Term:  1  x  10“8/week  at  60°C 

2.  Parameters 

C0:  2.0  pf  max. 

C0/Cm:  300  +  10% 

Resistance:  ""-40  ohms  max. 

Q:  1.6  x  105  min. 

3.  Environmental 

Shock:  50G,  11  ms,  3  planes 
Vibration:  20G,  50  to  2000  cps,  3  planes 

4.  Processing  Specifications 

Diameter:  .325" 

Quartz:  Natural 

Contour:  10  diop  Plano-convex 

Angle:  AT  35°  11’  to  35°  13* 

Electrical  Diameter:  130 
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TCXO  CRYSTAL  SPECIFICATIONS 

Group  II  -  (HC-18/D  Type  Coldweld) 

•  Operating  Characteristics 

Frequency :  5  MC 

Cut  and  Mode:  AT  Fundamental 

Holder:  HC-18/U  Coldweld 

Load  Capacity:  32  pf 

Drive  Level:  200  micro  amps 

Calibration  Tolerance  and  Temperature: 

+  3  PPM  at  30°C 

Operating  Tolerance  and  Range:  -40°Cto  +80°C 

LTP-UTP:  15  PPM  +  5  PPM 

Unwanted  Modes:  -15  db 

Drive  Stability:  1  x  10”9/db 

Stability,  Long  Term:  1  x  10-8/week  at  60°C 

Parameters 

Co:  2.0  pf  max. 

Co/Cn,:  300  +  10% 

Resistance:  40  ohms  max. 

Q:  1.6  x  10s 

Environmental 

Shock:  50G,  11  ms,  3  planes 
Vibration:  20G,  50  to  2000  cps,  3  planes 

Processing  Specifications 

Diameter:  .325" 

Quartz:  Natural 

Contour:  10  Diop  Plano-convex 

Angle:  AT  35°  11'  to  35°  13' 

Electrical  Diameter:  130 
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Ungrounded  Emitter  Piero*  Oscillator  Anslysle,  continued 
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